Cell-free cytoplasmic extracts of the Syrian hamster cell lines C13/SV28 and BHK-21F were immunogenic in Syrian hamsters. The resulting antisera crossreacted completely with antisera against lymphocytic choriomeningitis virus (LCMV) in an immunoradiometric assay employing antigen. Several other Syrian hamster cell lines not previously known to be infected with LCMV were also strongly positive when assayed for viral antigens. Also, several mouse sera and antisera raised in Syrian hamsters against cells transformed by papovaviruses had high titers of anti-LCMV activity. No cytopathic effect was evident in any of the persistently infected cell lines. Culture media from these cells were not infectious and showed no evidence of defective interfering particles. However, cell-free extracts of all the persistently infected cells contained material capable of transmitting the persistent infection to uninfected cells of Syrian hamsters, rats. mice, green monkeys, and humans. The onset of infection is much slower than when LCMV virions are used. When 2 x 106 uninfected BHK cells were treated with an extract from 100 persistently infected cells, the new infection was apparent within about 12 days. When an extract from 106 cells was used, the new infection was apparent within about 5 days, but not sooner. The intracellular infectious material was sensitive to treatment with deoxycholate, Nonidet P-40. or ether but resistant to treatment with RNase or trypsin. It was also large (5,OOOS) and heterodisperse on sucrose gradients. The infectious material was probably contained in large lipid vesicles and their integrity was probably essential for infection. When a few persistently infected cells were cocultivated with many uninfected cells, a few discrete colonies positive for LCMV antigens were observed after about 5 days. Since the culture media were not infectious, the infection probably spread by cell-cell contact. Several different experiments indicated that interferon did not play a major role in mediating persistence in this case. Persistent infections by LCMV can be maintained without expression of extracellular virus particles and without appearance of large amounts of viral antigens on the cell surface. Cell-cell contact could still allow transmission of intracellular infectious material. In an animal, these properties could circumvent immune surveillance.
Cell-free cytoplasmic extracts of the Syrian hamster cell lines C13/SV28 and BHK-21F were immunogenic in Syrian hamsters. The resulting antisera crossreacted completely with antisera against lymphocytic choriomeningitis virus (LCMV) in an immunoradiometric assay employing BHK-21F antigen. Several other Syrian hamster cell lines not previously known to be infected with LCMV were also strongly positive when assayed for viral antigens. Also, several mouse sera and antisera raised in Syrian hamsters against cells transformed by papovaviruses had high titers of anti-LCMV activity. No cytopathic effect was evident in any of the persistently infected cell lines. Culture media from these cells were not infectious and showed no evidence of defective interfering particles. However, cell-free extracts of all the persistently infected cells contained material capable of transmitting the persistent infection to uninfected cells of Syrian hamsters, rats. mice, green monkeys, and humans. The onset of infection is much slower than when LCMV virions are used. When 2 x 106 uninfected BHK cells were treated with an extract from 100 persistently infected cells, the new infection was apparent within about 12 days. When an extract from 106 cells was used, the new infection was apparent within about 5 days, but not sooner. The intracellular infectious material was sensitive to treatment with deoxycholate, Nonidet P-40. or ether but resistant to treatment with RNase or trypsin. It was also large (5,OOOS) and heterodisperse on sucrose gradients. The infectious material was probably contained in large lipid vesicles and their integrity was probably essential for infection. When a few persistently infected cells were cocultivated with many uninfected cells, a few discrete colonies positive for LCMV antigens were observed after about 5 days. Since the culture media were not infectious, the infection probably spread by cell-cell contact. Several different experiments indicated that interferon did not play a major role in mediating persistence in this case. Persistent infections by LCMV can be maintained without expression of extracellular virus particles and without appearance of large amounts of viral antigens on the cell surface. Cell-cell contact could still allow transmission of intracellular infectious material. In an animal, these properties could circumvent immune surveillance.
Mirault et al. (19) reported that a nucleopro-with X completely. Preparations of ribosomes tein antigen of unknown origin ("X antigen") is from C13/SV28 contain large amounts of X associated with ribosomes of C13/SV28, a line of antigen. These were used to induce potent and simian virus 40 (SV40)-transformed BHK cells. specific antisera in hamsters, and a sensitive, X is not an SV40 antigen since sera from ham-specific immunoradiometric assay was develsters with C13/SV28 tumors do not react with oped (19) . We found that X antigen is derived other SV40-transformed cell lines and since from lymphocytic choriomeningitis virus BHK-21F cells (9) , which are not transformed (LCMV), a well-known arenavirus (22) that by SV40, contain an antigen that cross-reacts commonly infects populations of mice (31) Tables 2 and 3 . Cytoplasmic antigen was prepared from BHK-21F or C13/SV28 cells essentially as described by Mirault et al. (19) but with more extensive purification. The crude ribosomal pellet (2,500 absorbance units at 260 nm), dialyzed into a buffer containing 10 mM triethanolamine, pH 7.4, 10 mM EDTA, and 10 mM NaCI for 8 h at 4°C to dissociate the polysomes, was sedimented in four 30-ml linear 20 to 35% sucrose gradients in the same buffer with 5-ml cushions of 2 M sucrose, using an SW27 rotor at 20,000 rpm for 16 h at 4°C. Almost all the antigen was within the bottom 5 ml, which had about 2% of the total absorbance at 260 nm. These fractions were pooled and stored at -20°C. Male Syrian hamsters were injected in a hind leg with about 0.1 ml of antigen mixed with an equal volume of complete Freund adjuvant. After 4 weeks, 0.1 ml of antigen mixed with 0.1 ml of incornplete adjuvant was injected four times at weekly intervals. After 1 week more, individual sera were assayed and two pools with high and low potency were prepared. Immunoglobulin G (IgG) was prepared by precipitation with ammonium sulfate at 40% saturation, followed by chromatography on DEAE-and carboxymethyl-celluloses in a buffer containing 10 24 h at room temperature with 0.5 ml of unlabeled IgG, 7 p.g/ml in 0.2 M NaHCO3. The same solution was reused immediately to coat a total of four sets of tubes. After the IgG was removed, 0.6 ml of buffer A was added to each tube, and the tubes were stored at -20°C. They remain useful for about 6 weeks.
For an assay, coated tubes were thawed to room temperature, buffer was removed by aspiration, and the tubes were rinsed once with 0.6 ml of buffer A; 0.4 ml of buffer B (buffer A supplemented with 25 ml of RNase A solution per liter, 1 mg/ml in 20 mM sodium acetate, heated to 100°C for 5 min) was added, followed by up to 50 p.l of antigen. To prepare the antigen, a frozen cell pellet from one 100-mm tissue culture plate was mixed with 1.0 ml of cold extraction buffer (20 mM To assay for intracellular infectivity, cell-free extracts (prepared from BHK-21F cells unless stated otherwise) were made from three or four nearly confluent 100-mm plates. The cells were washed twice on VOL. 48. 1983 policeman, and centrifuged to yield 0.05 to 0.1 ml of packed cells per plate. The cells were suspended in 0.4 ml per plate of hypotonic buffer (10 mM triethanolamine, pH 7.4, 5 mM MgCI. 2 mM CaCl2) and homogenized with 40 strokes of a tight-fitting (A type) Dounce homogenizer on ice until virtually all the cells were disrupted. as assayed by trypan blue staining. The mixture was frozen quickly on dry ice and thawed twice to lyse any whole cells remaining. and dilutions were made immediately with TS buffer containing 2% fetal bovine serum. Culture media to be tested for infectivity were centrifuged at 10,000 x g for 15 min at 4°C and carefully separated from the pellet before use. Virus was separated from clarified medium by centrifugation at 145,000 x g for 40 min at 4°C. resuspended in a buffer containing 10 mM Tris, pH 7.4. 100 mM NaCI. and 1 mM EDTA, and sonicated as described by Welsh and Buchmeier (33) . Cells for infection (BHK cells unless stated otherwise) were plated at one-fifth confluency in T flasks (25 cm2) 4 to 16 h before use. At the time of infection, medium was removed. and I ml of cell-free extract was added (range. 1/2 to 1/128.000 of a plate equivalent per flask) and the flasks were capped. After 1 h at room temperature. supernatant fluid was removed from the cells, fresh medium was added, and the flask was flushed with CO, and replaced in the incubator. The cells were subcultured into 100-mm plates 3 days after infection and at 3-or 4-day intervals thereafter. using about 20% of the cells for subculture and reserving the remainder at -20'C for subsequent immunoradiometric assay.
Plaque assay. L-929 cells were used as described by Popescu and Lehmann-Grube (23) . with some modifications. Cells were plated in 3 ml of DMEM-5% fetal calf serum at a density of 3 x 105 per 35-mm tissue culture dish 24 h before infection with 0.2 ml of virus and diluted in phosphate-buffered saline plus 1% fetal calf serum. After 30 min at 37°C the inoculum was removed and the cells were overlaid with 2 ml of 0.4% agarose in DMEM-5% fetal calf serum and incubated at 37°C. After 4 days, 1.5 ml of medium without agarose was added. After 5 days, the cells were fixed for 2 h with 1.5 ml of 10% formaldehyde and then stained.
Assay for DI particles. The assay for defective interfering (DI) particles depends on the ability of the particles to protect L-929 cells against superinfection with standard LCMV (24) . Cells were plated at a density of 4 x 104 per 35-mm tissue culture dish 24 h before assay. Challenge virus (LCMV strain WE, about 5 x 104 PFU in 0.1 ml of phosphate-buffered saline plus 1% fetal calf serum) and 0.1 ml of serially diluted test materials were adsorbed to the cells at 37°C for 30 min. The cells were then overlaid and incubated as described above. The number of interference focus-forming units added with the challenge virus (about three per dish) was subtracted in calculating the titer.
Immunofluorescence assays. Cells grown on cover slips were washed with buffer and fixed with acetone. After incubation for 30 min with a 1:20 dilution of hamster anti-LCMV serum, the cover slips were rinsed and the procedure was repeated with a 1:30 dilution of anti-hamster IgG serum labeled with fluorescein isothiocyanate (Miles- (28, 29) .
All cell lines with a high level of LCMV antigen ( (14) . However, we did not test their sensitivity to standard virus ourselves.
Intracellular infectious material separated from most of the intracellular antigen. In the experiment shown in Fig. 1A , a cell-free homogenate of BHK-21F(LCMV) cells was sedimented for 15 min at 35 ,000 x g in a 5 to 20% (wt/vol) sucrose gradient. It is clear that the bulk of the antigen remained near the top of the gradient, whereas the infectivity sedimented further. The major peak of infectivity in tube 9 had a sedimentation coefficient of at least 5,OOOS. The results of a parallel sedimentation in a 20 to 40% (wt/vol) sucrose gradient were similar except that more infectivity was present in the bottom fractions (data not shown). The material containing the bulk of the antigen could be converted to material with the density of nucleocapsids by treatment with a detergent (see below). The infectious material seemed to be present predominantly in large structures that differed from each other in size, density, or both. Attempts to remove nuclei from the whole-cell homogenates by sedimentation at low speed often caused most of the infectious material to be lost, proba- bly because it cosedimented with the nuclei under these conditions. However, nuclei that had been pelleted through 1.6 M sucrose cushions in the experiment of Fig. 1A were devoid of infectivity. In another experiment (Fig. 1B) , EDTA was included in a 20 to 40% sucrose gradient in an effort to free viral antigens from their association with polysomes as noted previously (1, 19) . In this case, the major peak of infectivity in fractions 7 and 8 still had a sedimentation coefficient of at least 1,500S and was associated with very little antigen. Most of the antigen appeared at the extreme top of the gradient.
Density of intracellular LCMV antigens before and after treatment with NP40. An extract of BHK-21F(LCMV) cells was sedimented to equilibrium in a 20 to 50% (wt/vol) sucrose gradient in D20 and assayed for LCMV antigens with hamster anti-LCMV serum ( Fig. 2A) . The material in the main peak (density, 1.22) was pooled, made 0.25% in NP40, and sedimented again to equilibrium in a 40 to 80% (wt/vol) sucrose gradient in D20 in the presence of 0.25% NP40 (Fig. 2B) . The major peak in the second gradient had a density of 1.31, about the same as that of LCMV nucleocapsid cores (22) . The peaks in both gradients also contained LCMV RNA molecules bound to LCMV proteins (32) . Analyses (Fig. 2C) were carried out with rabbit anti-LCMV serum after separation of the LCMV proteins by electrophoresis and transfer to diazotized paper (32) . Note that the nucleocapsid protein was present throughout the lower part of the first gradient and was also present in the position of cores in the NP40 gradient. The peak of cores also contained a significant amount of a cellular protein of molecular weight 38,000 (32) , showing its close association with LCMV nucleocapsids. The small peak of antigen at the top of the NP40 gradient was free of the nucleocapsid protein. It probably did contain other LCMV proteins, but these were not abundant enough to detect in the transfer experiment shown. Several additional LCMV proteins were detected in transfers carried out with whole cell extracts (32) .
Intracellular virions. BHK-21F(LCMV) cells contained at least two distinct types of enveloped virus particles within intracytoplasmic vesicles (Fig. 3) . Most of the particles (Fig. 3A) corresponded to the R-type virus already well described in BHK-21 F cells (2 (B) Fractions 9 to 11 from two similar gradients were pooled, NP40 was added to 0.25%, and the sample was layered on top of a 40 to 80%Y (wt/vol) sucrose gradient in D1O, in the same buffer but with 0.25% NP40 added. Centrifugation was carried out for 18 h at 4°C in an SW50.1 rotor at 50,000 rpm, and portions of each fraction were assayed. (C) Portions of individual fractions (20 RI) were analyzed by electrophoresis in a sodium dodecyl sulfate-polyacrylamide gel and transfer to diazotized paper (32) . Rabbit anti-LCMV serum was used to identify the specific proteins. through E), corresponding to about 10 virus particles per cell. These intracellular particles were somewhat similar to extracellular LCMV virions (Fig. 3F) . They were about 50 nm in diameter, compared to 50 to 300 nm for the virions, which are pleiomorphic (22) . The example shown in Fig. 3F is about 150 nm in diameter. In the absence of more direct evidence that these cytoplasmic virus particles react with anti-LCMV serum, we cannot be certain of their identity. Such experiments would be prohibitively difficult to perform when there are so few particles per cell.
Spread of LCMV through newly infected cells. We used immunofluorescence to investigate the possibility that the virus could spread by cellcell contact (Fig. 4) . Foci of BHK-21L cells containing LCMV antigens were observed after infection with an extract of BHK-21F(LCMV) cells. The appearance of antigen, monitored by the immunoradiometric assay and by fluorescence, is shown in Fig. 4A . The cells were subcultured on the day of assay and 2, 6, or 12 days after infection. The culture was negative 5 days after infection except for one fluorescent colony, a part of which is shown in Fig. 4B . (Fig. 4C ) with antigen present only in the cytoplasm (Fig. 4D) . It is clear that treatment with trypsin and replating on day 2 markedly enhanced the spread of infection. The mechanism of this enhancement is not known.
Role of interferon in persistent infection. Cells persistently infected with LCMV which produce extracellular DI particles are refractory to superinfection with standard LCMV but permissive for other viruses, indicating that the persistent infection is not mediated by interferon in this case (13, 33) . It was important to determine whether this conclusion also applied to the type of persistent infection described here, in which no detectable virus particles are produced. BHK-21L(LCMV) cells were indeed resistant to superinfection with LCMV but not to superinfection with vesicular stomatitis virus or Sindbis virus (data not shown). In a different type of experiment, pretreating BHK-21L cells with interferon (5,000 U of mouse interferon per ml) for 1 day before infection with a cell-free extract of BHK-21F(LCMV) cells protected the cells only slightly but seemed to delay the onset of infection when large amounts of extract were used. There are examples of such mutants for vesicular stomatitis virus (12, 38) , measles virus (6, 26) , and Sindbis virus (27) . Some step in the transport, processing, or assembly of viral membrane glycoproteins is impaired in these mutants. The failure of GP-C to appear on the surface of BHK-21F(LCMV) cells has been shown in an accompanying paper (32) . It is possible that mutations in viral coat proteins may prevent them from appearing on the surfaces of some types of cells but may not prevent them from reaching the surfaces of other cell types. In such as case, the immune system of an infected animal would function only against those cells in which the antigen was displayed on the surface, with the surface-negative cells serving as a sanctuary for the virus, even in the presence of anti-viral antibody and natural killer cells.
As suggested by the data in this paper, cellcell contact is a likely mechanism for propagating a persistent infection without exposing viral antigens to the immune system of the host. LCMV can achieve persistent infection of lymphoid cells (5) , which could transmit the infection to other cell types throughout an animal. Lysis of infected cells with release of an intracellular infectious agent insensitive to antibody might also transmit the virus. Alternatively, membrane-bounded fragments of cells containing virus might be absorbed by other cells. Such fragments could be formed by a process termed apoptosis (37) . The persistent virus might also be transmitted as a pseudotype, with its nucleocapsid coated by the envelope of some endogenous virus to which the animal is tolerant. We tried without success to produce LCMV pseudotypes from BHK-21L(LCMV) cells after superinfection with Newcastle disease virus (data not shown).
